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Abstract
Among various supersymmetric (SUSY) models, gauge-mediated SUSY breaking
models with an ultra-light gravitino of mass m3/2 <∼ O(10) eV are very attractive,
since they are completely free from notorious gravitino problems. A drawback of
such a scenario is the absence of the supersymmetric cold dark matter. In this
letter, we propose that a baryonic bound state of strongly interacting messenger
particles, with a mass of O(100) TeV, can naturally be the cold dark matter. We
also exemplify a model which realizes such a scenario.
1 Introduction
The presence of the dark matter (DM) in the universe is one of the most serious puzzles
in particle physics and cosmology. If the dark matter is a stable particle X and they
were once in the thermal equilibrium at early stages of the universe, one may calculate its
present energy density ρX for a given mass mX and for a given annihilation cross section
σann. If the annihilation processes take place via the standard-model gauge interactions,
one finds mX ≃ O(1) TeV to account for the present DM density. The well-known
example for such a DM candidate is the lightest supersymmetry (SUSY) particle (LSP)
in the SUSY standard model (SSM). On the contrary, if the X is a strongly interacting
particle and its annihilation cross section reaches the unitarity bound, one may conclude
mX ≃ 100 TeV [1]. It is very interesting to identify this mass scale with the SUSY-
breaking scale ΛSUSY and consider the X particle as a baryonic bound state of hidden
quarks responsible for the dynamical SUSY breaking [2].
In this letter, we propose a baryonic bound state of messenger particles in the gauge-
mediation model [3] to be the observed dark matter X , as an alternative idea to [2].
Here, the mass of the dark matter mX and the SUSY-breaking scale ΛSUSY are O(100)
TeV, which corresponds to the gravitino mass m3/2 ≃ O(10) eV. Notice that there is no
cosmological gravitino problems for such a light gravitino [4] and hence the model is very
safe and attractive.
2 Composite Messenger Dark Matter
In the minimal messenger model one often assumes a pair of messenger chiral multiplets,
Ψi + Ψ¯i (i = 1 − 5), which transform as 5+ 5∗ of the GUT gauge group SU(5)GUT,
respectively. In this case the messengers interact with themselves only through the SSM
gauge interactions and their annihilation cross section never reaches the unitarity bound.
Thus, we extend the minimal model so that the messengers have strong interactions [5] to
enhance the annihilation cross section. We consider that the above pair of messenger chiral
multiplets, Ψi+ Ψ¯i, belongs to nontrivial representations of a hidden strongly interacting
gauge group G. We adopt G=SU(N) and assume the messengers to be fundamental and
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antifundamental representations of SU(N), Ψiα and Ψ¯
α
i , where α = 1 − N . (The reason
of this choice becomes clear below.) They form SU(N)-singlet baryons and antibaryons,
which are most likely stable because of a hidden baryon-number conservation.
In general, the hidden baryons Bi1i2···iN = ǫα1α2···αNΨi1α1Ψ
i2
α2
· · ·ΨiNαN are charged under
the SM gauge symmetries, and hence they cannot be the dark matter.1 However, there is
an exception. Namely, for N = 5, the hidden baryon B = ǫi1i2···i5ǫ
α1α2···α5Ψi1α1Ψ
i2
α2 · · ·ΨiNα5
is completely neutral and hence can be the cold dark matter in the present universe.
Therefore, we consider an SU(5) group as the strongly interacting hidden gauge group
acting on the messenger multiplets.
Among the bosonic and fermionic composite baryons, the lightest one becomes the dark
matter.2 The hidden baryon B = (Ψ)5 and anti-baryon B¯ = (Ψ¯)5 annihilate into hidden
mesons M ji = Ψ¯
α
i Ψ
j
α via the hidden strong interactions. Thus, it is quite natural that the
annihilation cross section reaches the unitarity bound. We may naturally account for the
observed energy density of the DM for the hidden baryon massmB ≃ 100 TeV as explained
above. The produced hidden mesons have SSM quantum numbers corresponding to M ∼
DcD¯c, LL¯, DcL¯, and LD¯c, where we denote the messengers as Ψ¯i = (D
c, L) and Ψi =
(D¯c, L¯), suppressing the strong SU(5) index α. For M ∼ LL¯ or DcD¯c, they immediately
decay into SSM gauge multiplets. The other mesons M ∼ DcL¯ and LD¯c can decay into
SSM matter particles through superpotential, W = (1/M∗)LD¯
cHud
c, where Hu is the
up-type Higgs multiplet and dc is the right-handed down quark in the SSM. M∗ is a high-
scale mass such as the GUT scale and the Planck scale. We see that the decay of the
hidden mesons can occur before the Big-Bang Nucleosynthesis starts (t ∼ 1 sec) and thus
causes no cosmological problem, as far as the meson masses are O(10) TeV.
3 Example model
In this section we show the existence of a gauge-mediation model which contains stable
composite baryons of messengers discussed in the previous section. However, we do not
1Charged dark matter of mass O(100) TeV is excluded [6]. Note that even the neutrino-like hidden
baryon for N = 4 (B ∼ DcDcDcL) is marginally excluded as the dominant component of DM for
mB ≃ 100 TeV, by the direct detection experiment (cf. [7]). Moreover, for N = 4, the charged baryon
B ∼ DcDcLL is likely to be lighter than the neutrino-like baryon for md > mℓ.
2The other components decay into the lightest component by emitting SSM gauge multiplets.
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consider that the model presented in this section is the unique model for the realization
of our proposal of the DM candidate.
We consider the D-term gauge-mediation model proposed by Nakayama et al.[8]. The
model is based on the SU(N)×U(1)D gauge symmetry in the hidden sector. The SUSY is
supposed to be broken by the vacuum-expectation value of the D term of the U(1)D gauge
multiplet. This U(1)D gauge symmetry may be broken at the SUSY-breaking scale
√
D [8]
for the D-term generation. The role of the SU(N) is to break the unwanted R symmetry
by hidden gaugino condensations. We introduce messenger chiral multiplets to mediate
both of the SUSY- and R-breaking effects to the SSM sector. Thus, the messengers should
carry both charges of SU(N) and U(1)D to generate SUSY-breaking masses for sfermions
and gauginos in the SSM. Thus, the messengers are necessarily strong interacting. We
introduce a pair of messenger chiral multiplets Ψ and Ψ¯ which are in the (N ,+1, 5) and
(N¯ ,−1, 5∗) representations of the SU(N)× U(1)D × SU(5)GUT gauge symmetry.
Then the integration of messengers induces the SSM gaugino masses as3
Mgluino = κ1
Nα3
4π
(gD)4
M7d
, (1)
Mwino = κ1
Nα2
4π
(gD)4r10
M7d
, (2)
Mbino = κ1
Nα1
4π
(gD)4
M7d
(
2
5
+
3
5
r10
)
, (3)
where Md(ℓ) is the mass of the quark(lepton)-messenger D
c(L), r =Md/Mℓ, g the U(1)D
coupling constant, α1 = 5αEM/(3 cos
2 θW ), and κ1 a constant
κ1 = O(1)×
32π2Λ3N
M3d
, (4)
where 32π2Λ3N is the condensation scale of the SU(N) gauginos. The scale 32π
2Λ3N is
smaller thanM3d,ℓ since the gaugino condensation takes place after the massive messengers
are decoupled. As pointed out in [8] we should take 32π2Λ3N ≃M3d,ℓ to avoid the negative
mass squared for sfermions. Thus we consider κ1 to be an O(1) constant.
The SUSY-breaking masses for sfermions are given by
m2φi = κ2N
(gD)4
M6d
2
[(α3
4π
)2
C3(i) +
(α2
4π
)2
C2(i)r
6 +
(α1
4π
)2 3Y 2i
5
(
2
5
+
3
5
r6
)]
, (5)
3The convention of the D-term is different from [8].
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where κ2 is of order unity and Ca(i) are Casimir invariants for the particle φi. As men-
tioned above, the perturbative calculation yields a negative κ2 and hence we must pos-
tulate that the SU(N) gauge interactions are strong at the messenger scale to avoid the
negative mass squared. This requirement is very important, since it naturally satisfies
an independent requirement for the DM candidate of mass O(100) TeV, that is, their
annihilation cross section should be close to the unitarity bound. Namely, if the SU(N)
interactions forming baryon and antibaryon bound states are strong at the messenger-mass
scale, the baryon’s annihilation cross section may naturally reach the unitarity bound, as
like nucleons in QCD.
Let us discuss constraints on the above parameters. N should be 5 as discussed in the
previous section to have neutral messenger baryon and antibaryon. We see that if N is
smaller than 6 the perturbative GUT unification is maintained. Thus, we choose N = 5
in the present analysis. Furthermore, the U(1)D gauge coupling g is smaller than about
0.2 at the messenger-mass scale (≈ 100 TeV) so that the U(1)D gauge interactions are
perturbative at the GUT scale. Moreover, Md >
√
gD must be satisfied, since otherwise
scalar messengers become tachyonic and the SM gauge symmetry is spontaneously broken.
We take r = 1 at the GUT scale (≈ 2 × 1016 GeV). Then, Md become heavier than
Mℓ below the GUT scale due to the renormalization effects. In fact, we find r ≈ 2 at
the messenger-mass scale. However, the strong SU(5) interactions around the messenger
scale make r smaller and r becomes down to 1.1 depending on how strong the SU(5) is.
Finally, the gravitino mass is given by
m3/2 =
1√
6
D
MP
, (6)
where MP = 2.4× 1018 GeV is the reduced Planck scale.
As an example, we take m3/2 = 16 eV, which corresponds to
√
D = 310 TeV. The
DM mass mB ≃ 100 TeV implies the mass of messenger particles Md ≃ O(10) TeV, and
hence the constraint Md >
√
gD leads to g <∼ O(0.01). Here, we take Md = 32.6 TeV
and g = 0.01 and show an example of mass spectrum in Fig.1. As for the parameter r, we
have taken r = 1.1. To evaluate the mass spectrum, we have used the program SOFTSUSY
2.0.11 [9].
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Figure 1: An example of mass spectrum. We set D = 310 TeV, Md = 32.6 TeV, g = 0.01,
κ1 = 1, κ2 = 3.5, r = 1.1, and tan β = 38. We have imposed that the B-term in the Higgs
mass matrix is zero and µ = −130GeV at the messenger scale. Notice that the gluino is
considerably lighter than the prediction of the standard gauge-mediation model [3].
4 Discussion
The presence of the gravitino is an inevitable prediction of the supergravity. Cosmo-
logically, it causes the notorious gravitino problems both in stable (LSP) and unstable
(non-LSP) gravitino scenarios, which severely constrain the cosmological scenario and/or
SSM models, depending on the gravitino mass. In that sense, the gravitino mass range
m3/2 < O(10) eV is very attractive, since it is completely free from those problems. The
only cosmological drawback of such a light gravitino scenario, compared with other cases,
is the absence of the LSP dark matter, since the O(10) eV gravitino is too light to be
the cold dark matter. In this Letter, we have suggested that there is indeed a natural
dark matter candidate in such a low scale SUSY breaking scenario, namely, the composite
messenger baryons of mass O(100) TeV.
Let us finally mention possible constraints and signatures. We should note that,
although the constituent messenger particles of the composite DM baryons have the stan-
dard model gauge interactions, the confinement scale of the hidden SU(5) interaction
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(∼ O(100) TeV) is so large that the dark matter behaves essentially as a point-like SM
singlet particle as far as the relevant energy scale is below O(100) TeV. Thus, the direct
detection rate is negligible. Signals from the pair annihilation of DM in galactic center
may become visible, but they are also likely to be buried in the background because of
the small number density of the DM [10].
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